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PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422 
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HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER, ASTM D-5084 
Client: ENSR Corporation Project Number: 051312T 
Project: Testing Services, AK Steel Soil Analysis, Middletown, Ohio Date: 3/7/2006 
Boring Number: MW6S 
Sample Description: 

Sample Number: 
Brown fine to coarse SAND 

Depth (ft.): 27.5-28.0 Sample Condition: Undisturbed 

Height (in.) 3.47 3.470 
Diameter (In.) 1.414 1.414 
Water Content (%) 12.3 15.2 
Dry Unit Weight (pcQ 127.5 127.5 

Type of Permeant Liquid Water 
Total Back Pressure (psi) 1 
Maximum Effective Consolidation StressJpsI) 68 
Minimum Effective Consolidation Stress (pst) 69 
Sample Hydraulic Conductivity (cms/sec) 3.5E-03 
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CUMULATIVE TESTING TIME (minutes) 
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IASSOCIATES, INC. 
Geotechnical • Testing Engineers 

1398 Cox Avenue / Erianger, Kentucky 41018-1002 / 859-746-9400 / Fax 859-746-9408 
O 2140 Wayaoss Road / Cincinnati, Ohio 45240-2719 / 513-825-4350 / Fax 513-825-4756 

PARTICLE-SiZE ANALYSIS OF SOILS ASTM D^22 

• U.8. aiAWDARD aiRVE MZE IN INCHEfl 
4 3 2 1.5 1 .75 .5 .38 4 6 8 10 16 20 30 40 60 100 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
1000 

200 

100 10 1 0.1 
GRAIN SIZE (MILLIMETERS) 

HYDRQMETER • m K T • asrtai TP Ml " * T" r" • I-t • 
_ _ _ S - _ _ z ZI _ — z z z z ( 
- — "• MM • •• — r " * r^" • • • • M * BMi ^ • M •• 
•• "" z " " •• 5 ~ ~ "" " ~ £ ~ ~ i " ^ ~ . 

MM ** 
' 

• ••• r" " " • * M T" d d! '" * dz ~ — """ ~ 1 
V L — 

~ - - — - — - — — - — b -t — - — t; IB 

- — — - — - — —- —s -- — - -
~ 
-z — --

~ ~r r~ — ~ 
- - — - — _ - Z — - - -z — • - - - — - — • BB 

T- — — • 
— - Z — t^m 

ILS -- — -" — " - — 
~ ~ BBii 

t^m 

ILS ~ . ~ MMill W,1 • ~ tm MM • I z u tUi\ z • I MM . M z z MM 

- - — — — - - — — 1 — — - — — — — — 
— — mmn — . 

, • m ~ I a ~ a* . _ -V- • m z MM . • m z zz 
- ~ — - — — • — — — 

' 
- - — t — — — — —1 

" "" n ' 1 n I] XT 1 z zz 1 
J. _ H! _ z ~ , _ —1 _ J • I z z d z H 1 • • • " M - MM • •• -r" • " " MM " " • M ij 

" "" 1 1 _i J 1 -J ; % ; 1 1 1 _j _lJ 1 " — — id ~ —' ~ jT ~ :—1 >— ZJ " ~ id • — ~ ~~ ... ' ••• ' 7 
" ~ • ~ 1 """ T • 
" " • m M z ^z ' " •i _j • 1 * " • ' * 

" 
" ** 1 " 1 — J —! ~ . 

' 
% 

" ~ """ " " ' ~ \ 
"" " 

" ~ " • ~ " " " " zz ' " " mm • " " * zd V _ • 
~ ~ "" —r 

— a o 
_ ; .« _ _ z z —1 

C I z z - - — — — 
' — -• * Jm - " — L^M • • • — * XIB * Urn u " IMM * imm kM 

0.01 0.001 

I BOgi.D^R | COpp(^l QRAVEL 
r Coarse | Crars^lj 

28.S'-29.ff 

Fine__p^ 
DescripUon 

Brown fine to coarae SAND, little fine 
gravel, trace silt, clay 

sem 
Medjum^J 

b16.7 I 
pecWfcatlon 

79.8 1 3.7 1 

Nat.w% PS 
14.3 

PL 

MJ- CLAY 

Client.; ENSR Ctirporatlon 
Pro]ect: Testtng Services 

AK 
MIddlatowh, Ohio 

PiroJect No.: 0S1312T 
3)20)2006 Date: 



ASSOCIATES, INC. 
Geotechnical • Testing Engineers 

ST1398 Cox Avenue / Erlanger, Kentucky 41018^1002 / 859-746-9400 I Fax 859-746-9408 
O 2140WayciDssRdad I Cincinnati, Ohio 45240-2719 / 513-825-4350 / Fax 513-825-4756 

HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER, ASTM D-5084 
Client: ENSR Corporation Project Number: 051312T 
Project: TestingServices. AKSteelSoilAnalysis, Middietown, Ohio Date; 3/7/2006 
Boring Number: MW6S Sample Number: Depth (ft.): 29.0-29.5 Sample Condition: Undisturbed 
Sample Description: Brown fine to coarse SAND, iittle fine grayei, trace silt, ciay 

Height On.) 4.724 4.724 
Diameter (In^) 1.410 1.410 
Water Content (%) 10.3 11.7 
Dry Unit Weight (pcf) 137.9 137.9 

Type of Permeant Liquid Water 
Total Back Pressure (psj) 1 
Maximum Effective Consolidation Stress (psi) 68 
Minimum Effective Consolidation Stress (psI) 69 
Sample Hydraulic Conductivity (cms/sec) 8.5E-05 
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' PARTICLE-SIZE ANALYSIS OF SOILS ASTW D-422 

100 

90 

fib 

70 

eo 

so 

40 

30 

20 

10 

II S STAtinARP8ll=Vt-M7P IMHIKHP8 1 U S. 

0 
1000 

4 3 2 1.5 1 .75 .5 .38 4 6 fi 10 16 20 30 40 60 100 200 
U 1 • 1, 11 I ,1, • I • i .,,1, a 

s 

iii 
100 10 

GRAIN SIZE (MILLIMETERS) 
0.1 

PWLD^I^ ICQllLl 

Boring No.' Sample NoT Elev. Or Depth 

GRAVEL r 
_Coarao_J__^^^jne 

2g;0'-29,5' 

SAND 
rtmrriMTW 

71.3 I 8.1 I 

Description 
Brown fine to coarse SAND, little flne 
igravel, trace silt, clay 

Fine 

HYDnnMPTPIl 

0.01 0.001 

.^IkL ' CLAY 1 

NeLw%| 

kpecwLioJ. 

dEll PI Client: ENSR Corporation 
Pn^ct ': Testing Services 

AK Steel SollAnalysIs 
MIddletown, Ohio 

1 IProJect No.; 0S1312T 1 
IPito 



_ THELEN ASSOCIATES, INC. 
Geotechnical • Testing Engineers 

ST1398 Cox Avenue / Erianger, Kentucky 41018-1002 / 859-746-9400 / Fax 859^746-9408 
O 2140 Waycross Road / Cincinnati. Ohio 45240-2719 / 513-825-4350 / Fax 513-825-4756 

HYDRAULIC CONDUCTIVITY OF SATURATED POROUS MATERIALS USING A FLEXIBLE WALL PERMEAMETER, ASTM D-5084 
Client: ENSR Corporation Project Nuinber: 051312T 
Project: Testing Services, AK Steel Soil Analysis, Middletown, Ohio Date: 3/7/2006 
Boring Number. MW6S Sample Number: Depth (ft.): 29.5-30.0 Sample Condition: Undisturbed 
Sample Description: Brown fine to coarse SAND, trace fine gravel, silt, clay 

Height (In.) 4.799 4.799 
Diameter (In.) 1.407 1.407 
Water Content (%) 10.5 14.7 
Dry Unit Weight (pcf) 131.1 131.1 

Type of Permeant Liquid Water 
Total Back Pressure (psi) 1 
Maximum Effective Consolidation Stress (psI) 68 
Minimum Effective Consolidation Stress (psI) 69 
Sample Hydraulic Conductivity (cms/sec) 4.9E-04 
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PARTICLE-SIZE ANALYSIS OF SOILS ASTM D-422 
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BORINQ 
NUMBER 

DEPTH 
(It) i DESCRIPTIOlil 

GRAVEL 
: (%) 

SAND 
(HI­

SiLf 
(*) 

CLAY 
SILTA 
CLAY 

' W 

DRY 
DENSITY 
i»m 

WATER 
CONTENT 

HYDRAUUC 
; coNDUtJTivrrY 

(cmj^i .0 PORbsFTY 

ORGANIC 
MAttER (*r pH 

MW10S 26.(^-28.0 

Gray moist stiff 
sandy SILTY 
CtAY.tracaflna 
draveKaladaitiin 7 SS 38 22 137.1 9.7 5.2xia' 0.18 

MW11S 26.0-26.5 

Fine GRAVEL and 
brawn One to 
coarse sand, trace 
sntclav 46 46 8 121.1 7.1 2.1x10^ 

MW11S 28.5-27.0 

Brown sandy 
SILTY CLAY, 
trace fine aravel 7 36 41 16 129.7 12.1 8.4x10* 0.26 

MW11S 27.0-27.5 

Biovm-sllty 
SAND, IKtle day, 
trace ffne gravel 8 45 36 11 137.9 9.5 2.0x10* 0.21 

-

MW11S 27.5-28.0 

Fine to coarse 
GRAVEL, some 
fine to coarse 
sand, little silt, 
trace day 46 29 15 10 134.1 7.3 3.6x10^ 0.24 

MW18S 38.0-38.5 

Brown fine to 
coarse SAND, 
trace flne gravel, 
silt, day 6 88 4 2 124.1 9.7 1.8x10* 0.27 

MW18S 38.5-39.0 

Brown flne to 
coarse SAND, 
some flne gravel, 
imie am. trace 
day 23 63 11 3 141.4 10.4 1.4x10* 0.17 

AOC2SB2 26.0-28-5 

Gray molsthard 
sandy SILTY 
CLAY, trace fine 
aravel (giadal tilD 4 32 35 29 136.1 7.4 l.lxlO^ 0.7 7.4 

ENSR Corporation 
AK Steel Proiect 1 ofS 

Tholan AssoclataSi Inc. 
Project #0513121 



-BORING 
NliMBER 

DEPW 
(ft) D^CRIPTION 

GRAVEL 
(%) 

SAND 
{*) 

SILT 
(%) 

CLAY 
j%) 

8ILT& 
CLAY 
W 

• DRY 
DENSITY: 

(p.c.f.) 

WATER 
^CONTENT 
••: (%) 

• HYDRAULIC 
CpNpUCTlVITY 

: : : ;(enifiBac.V .• EoRoSnV 

ORCiANIC 
MATTER 

(%) p» 

AOC2SB2 28.5-27.0 

Gray moist hard 
sandy SILTY 
CLAY, trace fine 
qravel (alaclal till) 9 33 33 25 137.3 7.2 l.lxlOr^ 0.8 7.5 

AOG2SB2 27.0-27.5 

Gray moist hard 
sandy SILTY 
CLAY, trace fine 
gravel (alaclal tili) 5 36 34 25 137.4 6.2 4.7x16-^ 0.8 

AOC2SB2 27.5-28.0 

Gray moist hard 
sandy SiLTY 
CLAY, trace fine 
gravel telsclal tllQ 3 39 35 23 139.2 8.4 2.3x1ff^ 0.8 7.5 

AOC2SB13 38.0-38.5 

Brown moist fine 
to medium 
SAND, some sIH, 
little day, trace 
fine gravel 1 59 23 17 123.2 12.2 2.1x1(7^ 

AOC2SB13 38.5-36.7 

Brown fine to 
coarse SAND, 
some silt, little 
day, trace fine 
gravel 7 48 28 17 130.7 9.2 7.9x10* 

AOC2SB13 37.0-37.5 

Gray moist hard 
sandy SILTY 
CLAY, trace fine 
gravel (gladal till) 4 32 38 28 137.5 7.1 4.3x1ff^ 0.5 7.5 

AOC2SB13 37.5-38.0 

Gray moist hard 
sandy SILTY 
CLAY, trace fine 
gravel (gladal till) 3 33 38 28 136.2 8.5 3.1x1(7'' 0.3 7.5 

MW14S 33.0-33.5 

Brawn fine to 
coarse SAND, 
little fine gravel, 
trace sIH, day 11 75 11 3 132.7 9.8 7.5x10* 0.22 

ENSR Corporation 
AK Steel Project 2 of 5 

Thelon Associates, Inc. 
Project #0S1312T 



iiORiNb 
NUM6ER 

: DEPTH 
(ft) DEscRipTibN: 

GiOtVEL SAIND 
(*1 

SILT 
(%)• 

CLAY 
(*) 

SILTS 
CLAY 
(%j 

DRY 
DENSITY 
rox-tj ^ 

WATER 
CONTENT 

(%» 

HYDRAULIC 
CbNDUCTiViTY 

• / (cm./sofc| > . NOROSITY 

ORGANIC 
NiAtTER 

MW14S 33.5-34.0 

Brown fine to 
coarse SAND 
and coarse to 
fine graral, trace 
sllty.clav 40 53 7 128.3 6.8 0.26 

MW14S 34.0-34.5 

Brown fine to 
coarse SAND 
and fine gravel, 
trace silt, clay 39 55 6 130.4 13.7 3.0x10® 0.25 

MW14S 34.5-35.0 

Brown fine to 
coarse SAND, 
HtHe fine gravel, 
trace silt, day 18 78 6 129.9 2.0 1.5x10® 0.24 

MW7S 29.0-29.5 

Gray to reddish 
brown dry fine to 
coarse SAND, 
nttle fins gravel, 
trace silt, day 18 77 5 134.7 1.6 4.0x10® 0.22 

MW7S 29.5-30.0 

Gray moist fine 
to coarse SAND 
and fine coarse 
gravel, trace silt, 
day 39 57 4 148.0 5.5 l.lxlO® 0.15 

MW7S 30.5-31.0 
Brown mohit fine 
to coarse SAND 1 98 1 _ - _ _ : _ _ 

MW7S 31.0-31.5 

Gray moist fine 
to coarse SAND, 
some fine gravel, 
trace slit, day 27 89 4 142.6 6.5 6.2x10® 

MWSS 23.5-24.0 

Fine to coarse 
GRAVEL and 
brown fine to 
coarse sand, 
trace sIR, day 52 45 3 113.0 6.4 4.5x10® 0.35 

ENSR Corporation 
AK Steel Project 3 of 5 

Thelan Associates, Inc. 
Project «051312T 



BbRiNO 
NUMBER: tfu bESCRfPTlbN ; 

GRAVEL 
(*) 

SAND 
{%) 

siiLf' 
(%) 

CLAY 
(*) 

dlLT* 
CLAY 

•• DRY : 
DENBITY 

(p.c.n 

WATErt V 
CONTENT 

(%) 

HYDRAULtC : 
GbNOUCTIVITY 

•.•(ciii.«ec.)-:^^< PORCSftV 

b^ANlC-
tiHATTER 

pH 

MW5S 25.0-25.5 

Fine GRAVEL, 
some brown fine 
tO'Coaree sand, 
trace silt, clay 68 32 2 133.3 9.9 3.8x10^ 0.23 

MW5S 25.5-2B.D 

Brown fine to 
coarse SAND 
and line to 
coarse gravel, 
trace slit, clay 40 52 8 144.2 7.2 2.2x10^ 0.18 

MVV3S 25.5-26.0 

Gray fine to 
coarse moM 
dense SAND and 
fine gravel, trace 
ant, clay 38 51 11 141.5 8.9 2.8x1(r» 0.19 

MW38 27.0-27.5 

Brown fine to 
coarse moist 
dense SAND and 
fine gravel, trace 
snt, day 39 51 8 2 148.9 8.9 8.9x1 ff' 0.15 

MW3S 27.5-28.0 

Brown fine to 
coarse moist 
dense SAND, 
some fine to 
coarse gravel, 
trace silt, day 25 89 8 130.7 12.8 1.9x1(7* 

Mwes 27.5-28.0 
Brown fine to 
coarse SAND _ 127.5 12.3 3.5x10-* 

MW68 28.5-29.0 

Brown fine to 
coarse SAND, 
IttOe fine gravel, 
trace sHt. day 17 1 79 4 124.9 14.3 0.28 

ENSR Corporation 
AK Steel Project 4 of 5 
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; BdiuNG/ 
NtiMBER 

DEPTH 
•blEMIRIPTIOhi-

GRAVEi. SAND 
W 

isilT CI AY 
W 

SILT* 
CLAY 
W 

DENSIty 
V.WATER^/-^ 
CbNtENt 

• 1%) 

; HYDRAUUC ; 
CONbUCtlViTY 

TORbsrnr 

ORGANIC 
MATTER 

(%) pM 

MW6S 29.0-29.5 

Brolmflneto 
coarse SAND, 
lltHe fine gravel, 
trace sill, day 21 71 8 137.9 10.3 8.5x10" 0.19 

MW8S 29.5-30.0 

Brown fine to 
coarse SAND, 
trace fine gravel, 
am, day 4 86 . . 10 131.1 10.5 

ENSR Corporation 
AK Steel Project 5 of 5 

Thelen Associates, inc. 
Project #0513127 
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Appendix D 

Analytical Data Tables (CD-Rom) 




